M., Zakal'sky, A. E., and Zakhodylo, I. V. (1982) Biokhimiya 47, 931-936). We have studied this enzyme reaction in closer detail using carbohydrate phosphates as substrates and synthetic 5-amino-6-ribitylamino-2,4-(lH,3H)-pyrimidinedione or its 5'-phosphate as cosubstrates. Several pentose phosphates and pentulose phosphates can serve as substrate for the formation of riboflavin with similar efficiency. The reaction requires Mg2+. Various samples of ribulose phosphate labeled with 14C or 13C have been prepared and used as enzyme substrates. Radioactivity was efficiently incorporated into riboflavin from [ 1-14C]ribulose phosphate, [3,5-14C] ribulose phosphate, and [5-14C]ribulose phosphate, but not from [4-14C]ribulose phosphate. Label from [ l-13C]ribose 5-phosphate was incorporated into C6 and C8a of riboflavin. [2,3,5-13C3]Ribose 5-phosphate yielded riboflavin containing two contiguously labeled segments of three carbon atoms, namely 5a, 9a, 9 and 8,7,7a. 5-Amino-6-[1'-14C] ribitylamino-2,4( lH,3H)-pyrimidlnedione transferred radioactivity exclusively to the ribityl side chain of riboflavin in the enzymatic reaction. It follows that the 4-carbon unit used for the biosynthesis of 6,7-dimethyl-8-ribityllumazine consists of the pentose carbon atoms 1, 2, 3, and 5 in agreement with earlier in vivo studies.
The biosynthesis of riboflavin leads from GTP to 5-amino-6 -ribitylamino -2,4( 1H,3H) -pyrimidinedione 5' -phosphate (Compound 1, Fig. 1 ) (3-6) which is converted to 6,7-di-*This work was supported by grants from the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen Industrie (to A. Preliminary communications on part of this work have been published (1, 2) . The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
methyl-8-ribityllumazine (Compound 2, Fig. 1 ) by the addition of a 4-carbon unit. Dismutation of 2 yields riboflavin and the pyrimidine 4 (for reviews see Refs. 7 and 8). The structure and origin of the 4-carbon unit required for the formation of 2 remained elusive for several decades in spite of considerable efforts. Early work by Plaut and Broberg (9, 10) showed that both terminal carbon atoms of glucose, i.e. C1 and C6, were incorporated into the xylene ring of riboflavin with similar efficiency (9, 10). Subsequent studies led to the suggestion of acetoin (11, 12), diacetyl (13), pyruvate (14), tetroses (15), pentoses (16, 17), and 5-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione (4) (18, 19) as the ultimate source of the 4-carbon moiety. Work by Alworth and coworkers (17) specifically suggested the incorporation of C1 of ribose into the benzenoid moieties of dimethylbenzimidazole and riboflavin.
We have previously studied the incorporation of a wide variety of 13C-labeled precurso,rs into riboflavin by the flavinogenic fungus Ashbya gossypii (20) (21) (22) (23) (24) (25) . A large number of incorporation experiments with a variety of single and multiple 13C-labeled precursors has been performed and can be summarized as follows. (i) Diacetyl and other symmetrical molecules can be ruled out definitely as precursors. (ii) Carbon atoms 1*-3* are biosynthetically equivalent to Cl-C3 of the pentose pool (see Fig. 1 for explanation of the arbitrary nomenclature used). (iii) C4* of riboflavin is equivalent to C5 of the pentose pool. (iv) C4 of the pentose pool has no equivalent in the 4-carbon moiety; it is eliminated during the biosynthetic process through a rearrangement of the carbon skeleton in which C3 and C5 are reconnected intramolecularly. Consequently, the carbon atoms 3 and 5 of the precursor ribose are contiguous in the heterocyclic moieties of the products 2 and 3.
Several attempts have been made to study the formation of the xylene ring in uitro. The enzymatic formation of riboflavin from 5-amino-6-ribitylamino-2,4(1H,3H)-pyrimidinedione (4) and acetoin or pyruvate by cell extract of Erernothecium ashbyii has been reported (12, 14) . Plaut has suggested that these results may be explained by the enzymatic formation of diacetyl which would subsequently react nonenzymatically with the pyrimidine 4 to yield the lumazine 2 (26 Logvinenko and co-workers (27-29) have recently described the formation of 2 from GTP by cell-free extracts of the yeast Candida guilliermondii (27-29). The reaction could proceed with ribose phosphate or, less efficiently, with hexose phosphates as cosubstrate. The question then arises whether this i n uitro reaction follows the same mechanism as the biosynthesis of the vitamin in uiuo.
We have used a variety of ribose phosphate and ribulose phosphate samples labeled with I4C or 13C to characterize the enzymatic reaction in closer detail. The results are in full agreement with those of the i n vivo experiments. The evidence leaves no doubt that the reaction in the cell-free system is equivalent to the true biosynthetic pathway.
EXPERIMENTAL PROCEDURES'

RESULTS
We studied the enzymatic formation of riboflavin from synthetic pyrimidine substrates by cell extracts of C. guilliermondii. The reaction requires the addition of 4 carbon atoms. As shown in Table I , each of two pentose phosphates and two pentulose phosphates could serve as donor of the 4-carbon unit. The highest yield of riboflavin was obtained with ribose phosphate as substrate. Unphosphorylated pentoses and hexose phosphates could not serve as precursors.
The pyrimidine 4 and its 5"phosphate 1 could both serve as precursors for the in uitro formation of the heterocyclic moiety of the vitamin (Table 11 ). Yields of riboflavin were similar with both types of pyrimidine substrate. Oxidized and reduced pyrimidine nucleotide cofactors (1 mM) did not increase the formation of riboflavin, nor did "Experimental Procedures" are presented in miniprint at the end of this paper. Miniprint is easily read with the aid of a standard magnifying glass. Full size photocopies are available from the Journal of Biological Chemistry, 9650 Rockville Pike, Bethesda, MD 20814. Request Document No. 85M-1368, cite the authors, and include a check or money order for $4.80 per set of photocopies. Full size photocopies are also included in the microfilm edition of the Journal that is available from Waverly Press.
.Dimethyl-8-ribityllumazine ATP (2 mM) and thiamine pyrophosphate. The reaction was completely inhibited by 10 mM EDTA (Table 111 ). Cell extract dialyzed against buffer containing EDTA could be partially reactivated by the addition of an excess of Mg2+.
In order to study the fate of individual pentose carbon atoms in closer detail, we prepared enzymatically a variety of ribulose 5-phosphate samples specifically labeled with 14C. Commercial samples of radioactive glucose and glycerol served as precursors. 6-Phosphogluconate has a high retention time on the anion exchanger Dowex 1-X8 and, therefore, can be easily separated from the other intermediates occurring in the reaction sequence. We thus chose to isolate this intermediate in radiochemically pure form. It was subsequently converted to the desired product, ribulose 5-phosphate. It should be mentioned that radioactive ribulose 5-phosphate samples decomposed rapidly even at the temperature of liquid nitrogen.
A loss of more than 50% usually occurred within several days. Throughout this study, the ribulose 5-phosphate samples were, therefore, prepared immediately prior to further use.
The radiolabeled ribulose 5-phosphate samples were used as substrates for the enzymatic formation of riboflavin with the pyrimidine phosphate 1 as cosubstrate. Light riboflavin synthase from B. subtilis was added to the reaction mixtures in order to assure quantitative conversion of the lumazine intermediate 2 to riboflavin. The vitamin was isolated and purified to constant specific radioactivity as described under "Experimental Procedures." It was subsequently converted to lumichrome (Compound 5 , Fig. 2 ) by illumination with visible light, in order to establish the radioactivity distribution between the ring system and the side chain. Lumichrome was obtained in radiochemically pure form by high pressure liquid chromatography.
Radioisotope from [l-14C]ribulose 5-phosphate and [5-14C] ribulose 5-phosphate was incorporated into the isoalloxazine moiety of riboflavin with high and similar efficiency (Table  IV) . Specific activities of riboflavin and of lumichrome obtained by photochemical degradation (Fig. 2) showed no significant difference, thus indicating that no radioactivity was contributed to the riboflavin side chain. [ For further confirmation of the correspondence between the in vitro system and the actual biosynthetic pathway, we decided to prepare two 13C-labeled samples of ribose 5-phosphate. The positions of the labels were chosen (a) to probe the origin of all four carbon atoms of the 4-carbon unit, (b) to probe for intact conversion of the pentose carbon chain by demonstrating intact incorporation of the (2243 bond, i.e. the bond which is cleaved in normal metabolism of the pentose phosphate carbon chain, and (c) to demonstrate the occurrence of the rearrangement reaction in which C4 is excised and C3 and C5 are intramolecularly reconnected. Consequently, one sample of the precursor was labeled with 13C at C1 and the other carried three intramolecular 13C labels, each at 99% enrichment, at C2, C3, and C5. Conversion of the latter precursor by the process demonstrated in vivo should give a sample of riboflavin in which each of the two 4-carbon units is contiguously labeled with 13C at C2*, C3*, and C4* (see Fig. 1 for the arbitrary notation used).
Both precursors were synthesized enzymatically on a gram scale from the appropriately labeled glucose 6-phosphate by the combined action of glucose-6-phosphate dehydrogenase and phosphogluconate dehydrogenase. Since ribose 5-phosphate has been found (Table I) vin were isolated. These two samples were subjected to analysis by 13C NMR spectroscopy. The spectrum of riboflavin from ~-[l-l~C]ribose 5-phosphate is shown in Fig. 3 . Absolute 13C enrichments were calculated using the average of the ribityl carbon signals as natural abundance standard (1.1%).
The data (Scheme A) show high enrichment of the two 1* positions, i.e. carbon atoms 6 and 8a (see Fig. 2 for systematic nomenclature of carbon atoms), confirming that C1 of the pentose phosphate gives rise to C1* of the 4-carbon unit as demonstrated in vivo (23) . A small amount of label seems to be present at C2*, i.e. carbon atoms 5a and 8 of riboflavin (see Fig. 1 and Scheme A for numbering). This, too, is consistent with observations made in the in vivo feeding experiments, which had shown some scrambling of label from C1 to C2 in the metabolism of ribose (23, 25). The 13C NMR spectrum of riboflavin from D-[2,3,5-l3C3] ribose 5-phosphate is shown in Fig. 4 . The carbons of the two 4-carbon moieties show the expected enrichments (Scheme B). The rather complex 13C-13C coupling patterns are most easily deduced for carbons which have the fewest enriched one-bond carbon neighbors. Thus, the optimal sites for examination of coupling are 8a (l*), 5a, (2*), 9a ( 3 7 , and 7a (47 (see Scheme C). The other four signals (6, 7, 8, and 9) yield entirely consistent information, but the patterns are somewhat more complicated. Carbon atoms 5a (2*) and 7a (4*) each show coupling to one other labeled carbon. Notably, 97% of the total signal due to 701 is one-bond carbon coupled. The 3* positions, i.e. carbons 7 and 9a, appear predominantly as doubly coupled species. In addition, a small amount of singly coupled species is discernible, reflecting again some metabolism of ribose 5-phosphate in the system (see below). Carbon atoms 8 and 9 show more complex patterns due to a combination of single coupling to the 3* position and statistical coupling to each other as a result of the combination of two highly enriched 4-carbon units. A small amount of scrambling of label into the 1* position, i.e. C6 and C8a, is also evident, with about 48% of the 801 signal showing statistical coupling to the 56% enriched C8. This presumably reflects Fig. 2 ). The pyrimidine contributed its isotope to riboflavin with high efficiency. However, the lumichrome fragment was devoid of radioactivity (Table V) . It follows that radioactivity from the purine precursor was exclusively incorporated into the ribityl side chain of the vitamin. In a similar experiment, 5-amin0-6-[l'-~~C]ribitylamino-2,4(1H,3H)-pyrimidinedione was treated with cell extract of C. guilliermondii mutant E6 using unlabeled ribose 5-phosphate as second substrate. This mutant is devoid of riboflavin synthase. Hence, the experiment yields the riboflavin precursor, 6,7-dimethyl-8-ribityllumazine (2). Photochemical degradation yielded 6,7-dimethyllumazine (Compound 6, Fig. 2 transferred to the ribityl side chain without significant dilution, but not to the heterocyclic moiety of 2 (Table VI) .
DISCUSSION
The incorporation of 14C-labeled pentose phosphates into riboflavin by cell extract of C. guillierrnondii follows accurately the pattern observed in the course of our earlier in vivo studies with A. gossypii. C1, C2, C3, and C5 of the precursor (ribulose phosphate or ribose phosphate) are efficiently incorporated into the heterocyclic moiety, whereas C4 of the precursor is eliminated by an intramolecular skeletal rearrangement.
Generation of the lumazine 2 from ribose 5-phosphate involves two distinct processes: (a) rearrangement of a 5-carbon unit and ( b ) condensation of the rearrangement product with the pyrimidine precursor. The data provide information on each process.
The experiment with [2,3,5-13C3]ribose 5-phosphate demonstrates that the rearrangement occurred in 100% of the labeled molecules. The experiments with both 13C-labeled substrates indicate that the condensation with 1 proceeds with the expected regiochemistry.
Cursory examination of the data from the incubation with the triple-labeled substrate might lead to the conclusion that the condensation is not entirely regiospecific, as seen by significant 13C-enrichment of C1*. It appears, however, that Enzymatic Formation of 6,7-Dimethyl-8-ribityllumazine the I* labeling is due to metabolism of the proffered pentose interchanging C-1 and C-2, perhaps via the pentose phosphate shunt. This idea is supported by the observation that the sum of the enrichments of C1* and C2* equals the enrichments of both C3* and C4* and that the amount of 1*-2* coupling is only what is expected on a statistical basis. If the C1* labeling were due to inversion of the 4-carbon unit, C1* would be coupled to C2* to the same extent as C4* to C3* (i.e. 97%), which is clearly not observed. The interchange of pentose C1 and C2 also explains the presence of singly coupled species at C3*. This interchinge also occurred approximately 20% of the time with the sample from [l-13C]ribose 5-phosphate, as well as in previous in vivo experiments.
The specific incorporation rates of carbon from pentose precursors observed in the present experiments present an unresolved problem. Since the 4-carbon unit is duplicated in the last biosynthetic step, 14C-labeled riboflavin should have a relative specific activity of 200% of that of the precursor. The observed values (about 120%) were lower than the expected value. Substantial isotopic dilution has also been observed in the experiment with [1-l3C]ribose 5-phosphate, but little dilution occurred in the experiment with [2,3,5-13C3] ribose phosphate. The origin of the isotopic dilution is unknown. The dialyzed cell extracts used in this study contained a small amount of unlabeled riboflavin, but it appears likely that some unlabeled riboflavin was also formed de novo during the enzyme incubation from an unknown precursor present in the cell extract. We expect that this problem will be resolved by further work with purified enzymes instead of crude cell extracts.
Other authors have reported on the formation of riboflavin from 4 by partially purified enzymes from E. coli. This reaction proceeded in the absence of a second substrate, and it has been suggested that the ribityl side chain of 4 was the source of the carbon atoms of the xylene ring (19). In our experiments, the isotope from l'-14C-labeled 4 was not incorporated into the heterocyclic moieties of 2 and 3, whereas it was incorporated into the side chain without significant dilution. Although it is conceivable that different biosynthetic pathways could operate in the yeast C. guilliermondii and the bacterium E. coli, earlier in vivo experiments with Salmonella typhimurium agree with the biosynthetic pattern reported in this paper. Thus, a mutant of S. typhimurium with an absolute requirement for guanosine incorporated label from [1',2',3',4',5'-14C]guanosine into the ribityl side chain, but not into the isoalloxazine moiety of riboflavin (48). I n vivo studies with B. subtilis have indicated the same biosynthetic pattern as in A. gossypii and C. guilliermondii, i.e. formation of C1* from C1 and extrusion of C4 of the carbohydrate precursor (49). We conclude that a pentose phosphate is the actual precursor of the 4-carbon unit both in bacteria and fungi.
Since various carbohydrate phosphates can serve as substrates in the enzyme reaction studied, the structure of the direct riboflavin precursor remains elusive. In particular, we cannot decide whether it is a pentose phosphate or a pentulose phosphate. Apparently, various carbohydrate phosphates are rapidly interconverted by enzymes present in the crude cell extract.
We have recently obtained evidence for the formation of an aliphatic compound preliminarily designated as "X" which is produced by the cell extract of a C. guilliermondii mutant from ribose phosphate (50). Compound X can be converted to 2 in the presence of 4 by cell extract from a different C. guilliermondii mutant. The structure of compound X has not yet been determined. However, it was shown that the compound is inactivated by treatment with phosphatase suggesting the presence of a phosphoric acid moiety. It is not known whether compound X contains 5 or 4 carbon atoms.
On the basis of the data presented here it is clear that the in vitro system reflects the biosynthetic processes observed in vivo, as opposed to an artefactual production of riboflavin. Thus, we may confidently bring together information gained from in vivo and in vitro studies to suggest a hypothetical scheme for the biogenesis of lumazine 2 (Figs. 5 and 6) . The 4-carbon unit is depicted (Fig. 5) as being generated via a radical mechanism, initiated by abstraction of a hydrogen atom from C3 of ribose 5-phosphate. This latter step has precedent, e.g. in the ribonucleotide reductase reaction (51). However, at this stage an equivalent cationic mechanism, initiated by abstraction of a hydride from C3, is equally likely. Condensation of the proposed 4-carbon precursor with 4 to give 2 (Fig. 6 ) follows a plausible mechanistic pathway, based on known chemistry of these compounds. The proposed mechanism is not in conflict with any of the information currently available on riboflavin biosynthesis; however, a number of alternative mechanisms cannot be ruled out.
It should be noted that the unphosphorylated pyrimidine 4 and its 5"phosphate 1 can both serve as substrates for the formation of 2. This could imply that the respective enzyme accepts both pyrimidines. However, it is also possible that the phosphate 1 is enzymatically dephosphorylated by the cell extract prior to incorporation into 2 and riboflavin. Recent studies with a lumazine synthase/riboflavin synthase complex (i.e. "heavy riboflavin synthase") from B. subtilis suggest that the committed precursor for the lumazine 2 is the unphosphorylated pyrimidine 4. 2 The availability of a cell-free system capable of synthesizing riboflavin from 1 and a pentose phosphate opens the way to the mechanistic investigation of the intriguing reactions involved in this biosynthesis and to the characterization of the intermediates and enzymes involved. The demonstration that the cell-free process shows the same features as the biosynthetic pathway in vivo provides assurance that information gleaned from the in vitro system does relate to the normal biosynthesis of riboflavin in the intact organism. Phosphoglucose isomerase I10 ul was added and the mixture was again incubated phosphate which had been formed in the first reaction Step.
for 30 mi" at 37 Oc in order to produce glucose 6-phosphate from fructose 6--_ Glucose 6-phosphate was further converted to 6-phosphogluconate by the addition of 6.1 mg (7 umoll of NADP+, 50 u of glucose phosphate dehydrogenase, and 250 ul of 0.25 M Tris hydrochloride pH 7.9 followed by incubation at 30 OC for described above. The radiochemical yield was 27-46 %.
40 mi". The reaction mixture was subjected to ion exchange chromatography as Radioactive ribulose 5-phosphate from 6-phosphogluconate -The reaction mixture contained 90 mM Tris hydrochloride pH 7.8, 7 mM NADP*, 0.3-2 UM 6-phosphogluconate from the previous step, and 5 u of 6-phosphogluconate dehydrogenase in a total volume of 0.9 ml. The mixture w a s incubated at 37 OC for 90 mi". diluted to 10 ml with deionized water, and placed on a column of Dowex 1x8 (200-400 mesh, formate farm, 0.9 x 15 cm). The column w a s developed with a Solntion containing 0.1 M formic acid and 30 mM ammonium formate. The flow rate was 0.6 ml per mi". FractlOnS were collected and monitored by liquid scintillation counting of aliquots. Ribulose 5-phosphate was eluted from 35-65 ml. Fractions were pooled and lyophlllzed. The radiochemical yleld based on 6-phosphogluconate Was 20-45%. and MgC12.6 H20 (6.11 mmol) were dissolved in 240 ml H20 and the pH W a s mixture was incubated at 29.5 OC. while the pH was maintained at 6.6 by (1.0 g) and hexokinase 1602 IO), dissolved in 10 m l H20. w a s added. and the titration with 1 N NaOH. When the pH change stopped. after about 30 min, incubation was continued far another h, the mixture w a s then cooled in ice and 50 ml of 50 % (w/vl trichloroacetic acid was added. Precipitated protein w a s removed by centrifugation and the supernatant was adjusted to pH 7.0 with 50 % (w/v) NaOH. Barium acetate 124.4 mmol) was then added, a small amoilnt of precipitate of Ba-ADP was removed by centrifugation, and ethanol was added to the supernatant to a final concentration of 80 % ( v / v ) . After standing overnight at 0 OC, the precipitated Ba Salt of glucose 6-phosphate was collected by centrifugation and washed with 80 % lV/V) ethanol. The salt was suspended in ethanol. The ethanol was evaporated and the residue was dried in a vacnum to give 4.0 9 of crude product. This material w a s dissolved in 40 m l Of H20 with the aid of some HC1. 6.66 mmol Na2S04 was added and. after neutralization with NaOH, the BaS04 was removed by centrifugation. The Supernatant was applied to a column (4x20 c m ) Of Dowex 1x8 (formate form, 100-200 mesh), which was then washed with H20 and eluted with a gradient of ammonium formate buffer taining glucose 6-phosphate, a s determined by the anthrone/sulfuric acid (1 1 Of H20 Vs 1 1 of 0.4 M HCOOH/0.12 M ammonium formate). The fractions conreaction (42). were pooled and the product was precipitated as the barium pure, based on enzymatic analysls with glucose 6-phosphate dehydrogenase (431.
salt. The resulting barium glucose 6-phosphate (2.53 g) was essentially 100 % Yield. 88.5 %, based on glucose.
a-Ketoglutarate 115.8 mmol), NH4Cl 120.1 mmoll, dithioerythritol (219 mmol), pH 1.9. The pH w a s adjusted to 7.8 with 1 N NaOH and 0,401 m m o l of NADP+ and and MgC12-6 H20 12.08 mmol) were dissolved in 150 ml of 0.2 M Tris HC1 buffer, 2.53 g of barlum [2-13C1glucose 6-phosphate. dissolved in 50 ml water, were added. The reaction w a s started by the addition of 294 U of glucose 6-phosphate dehydrogenase. 214 u of 6-phosphogluconate dehydrogenase and 209 U of glutamate dehydrogenase. After one h incubation at 27 OC, 1020 U Of phosphoribolsomerase was added and the incubation was continued for one h at 27 OC and then over night at 4 OC. Protein was removed by trichloroacetic acid I30 ml 50 % sol. w/v) precipitation, the supernatant was neutralized with 50 % NaOH, and th; barium salts were preclpltated by addltion of 10 mmol of barium acetate Glycerokinase ( 6 0 0 u ) was then added and the mixture was incubated at room I23 m m o l l were dissolved in 600 ml of H20 and the pH w a s adjusted to 9.6. temperature while the pH was maintained at 9-9.5 by titration with 1 N NaOH. After COnSUmptlOn of 15.5 m l of 1 N NaOH, the pH change Stopped and the mixture w a s incubated for one more h. The pH w a s then adjusted to 1. The supernatant w a s added to 1 1 of 0.2 M Tris HC1 buffer, pH 7.9, containing 9.1 mmol of N A D ' , 73 mmol of sodium pyruvate, and 1 mmol Of dithiothreitol. aGlycerophosphate dehydrogenase I500 U1 and L-lactate dehydrogenase I 5 0 0 0 Ul were then added, and the formation of dihydroxyacetone phosphate was followed by assay for alkali-labile phosphate. When about 40 % of the o-glycerophosphate had been convertedto dihydroxyacetone phosphate, 15,000 U of triosephosphate isomerase and 500 u of aldolase were added and the formation of fructose 1.6-diphosphate was followed by the anthrone/sulfuric acid reaction (42). When fructose diphosphate formation had reached its maximum, fructosethe pH w a s adjusted to 9. Then phosphoglucose isomerase I880 U) was added and 1,6-diphosphatase (100 U ) and MgC12 (to a concentration of 1 mM) was added and the react~on mixture was incubated over night. The pH was adjusted to 7. and a solution of 100,000 U of light riboflavin Synthase in 6 ml of 0.1 M Tris HC1 were edded, and the incubation at 30 OC was continued for 7.5 h. The reaction was stopped by the addition of 24 g of trichloroacetic acid. Protein was removed by centrifugation at 32,000 9 for 20 nin. The supernatant was brought to pH 7 by the addition of 30 g of sodium acetate. Water was added to a f i n a l volume of 500 ml. The Solution w a s applied to a column of rlorisil (0.8 x 11.5 om). The column w-5 Washed with 500 m l of deionized water. Pluov/vl. The eluate was evaporated to dryness under reduced pressure. The residue rescent material was eluted with a mixture of acetone/2 M N H~O H (50 ml, 1:1, was dissolved in 30 m l o f water. l'he solutlon was placed on a column of AG 50 WX8 I H ' form, 1.0 x 20 om). The 
